Abstract-In this paper, the temperature dependence of eddy current loss and residual loss is investigated with relationship between (PB -Ph) and electrical resistivity at the temperature region except T min \vhich hysteresis loss attains minimum. Consequently,a quantitative separation of each loss has been made possible not only at T min but at any temparature. Pe increases with increasing temperature. The temperature dependence of the eddy current can be concluded to be caused by the change in the electrical resistivity with temperature.
I .INTRODUCTION
Mn-Zn ferrites' are widely used as a core materials in transformers and coils in electronic equipments. As power loss in Mn-Zn ferrites is one of the important factors of determining energy efficiency of power supplies, many efforts have been made to investigate the generating mechanisms of the power loss. The reduction of the power loss in Mn-Zn ferrites results in miniaturization of power supplies by diminishing transformer size and rasing the driving fre .. quency.
In the previous paperlll, power loss, PB, was reported to be divided into hysteresis loss, Ph, eddy currnt loss, Pe, and residual loss, Pr, quantitatively by plotting (PB -Ph) versus electrical resistivity. This analysis was performed at the tem-· perarure, T min, which the hysteresis loss attains a minimum. Since T min coincides to the temperature at which magnetocrystalline anisotropy constant Kt is null, it can be assume that every sample with different Tmin has a same magnetic domain structure at Tmin. Therefore, the analysis of the power loss at Tmin naturally brought about a consistent results.
In this paper, the temperature dependence of eddy current loss and residual loss is investigated with relationship bet-· ween (PB -Ph) and electrical resistivity at the temperature region except T min. (PB-Ph) and resistivity in the temperature region except Tmin The eddy current loss and the hysteresis loss depend on the magnetic domain structure because magnetic domain movement and magnetization rotation depend on the magnetic domain structure{lW]. The domain structure in Mn-Zn ferrite changes with temperature because of changing in magnetocrystalline anisotropy with temperature, Therefore, the plotting of (PB-Ph) versus the electrical resistivity at a certain temperature with samples having different temperature dependence of Kl does not mean anything. From this point of view, the plotting of (PB -Ph) versus the electrical resistivity must be performed at the temperature which samples have same domain structure.
m-i. Analysis of relationship between
The magnetic anisotropy in Mn-Zn ferrites consists of magnetocrystalline anisotropy and magnetostriction, A . According to the theory of ferromagnetism f2J . the magnetic domain size is proportional to fourth power of ( Kl + A) and the hysteresis loss is proportional to ( Kl + A ). 
Each sample has the different Tmin as listed in Table 1 . ures, ( Ps-Ph) is obviously proportional to the reciprocal electrical resistivity in the temperature region except T min, and there are two loss components in ( Ps-Ph), such as the resistivity dependent loss component(gradient of line) and the resistivity independent loss component from the intercept on the ordinate. These results mean that the power loss can be divided into loss components at the temperature region except T min in the same analysis procedure at T min.
In order to clarify the characteristics of the reslstlVlty dependent loss component, the dependence of the gradient k in Figures 2, 3 and 4 on the frequency and magnetic flux density, Bm, were investigated. For the variation of the hys-teresis loss as O.8kJ/m 3, the dependencies of gradient k on the frequency and Bm are shown in Fig.S and 6 , respectively.
As seen in Figs. 5 and 6, k is in proportion to both e and Bm 2 • Therefore, the resistivity dependent loss component can be concluded to be the eddy current loss. The intercept on the ordinate in Figures 2, 3 and 4 is the residual loss, because this is a residue obtained by subtracting the hysteresis loss and the eddy current loss from the total loss. //1 ' §IIem. 
III -2. Temperature dependence o/hysteresis loss, eddy currrent loss and residual loss
By our work, a quantitative separation of each loss has been made possible not only at Tmin but at any temparature at which Kl of the analyzed samples are the same(in other words, at which their domain sizes are the same). Pe was obtained by relationship Pe=k1 p. Pr was obtained by the intercept on the ordinate in PE-Ph vs. 11 p plot. Fig.7 shows the temperature dependence of each loss in the sample #1. Both of (Pe+Pr) which was acquired by PE-Ph vs. 11 P plot and (PE-Ph) are good agreement. Pr is much larger than any other losses. Pe increases with increasing temperature. Pr as well as Ph attains a minimum at T min. 
III-3. The temperature dependence o/the eddy current loss
The electron transport mechanism in Mn-Zn ferrites is thought to be explained by electron hopping transport mechanism. In the electron hopping transport mechanism, the temperature dependence of the electrical resistivity is expressed by Arrhenius expression as follows.
where P ois a constant, Q activation energy, kB Boltzmann constant and T temperature.
The dependence of the eddy current loss in Mn-Zn ferrites on p obtained experimentally is expressed as follows. Pe=k/ p (2) where k is the constant against p , depending on the magnetic domain structure, frequency and magnetic flux density as shown in Figs.5 and 6.
As substituting eq.(1) into eq.(2), the temperature dependence of the eddy current loss is expressed as follows.
Pe=k'exp (-Q/kBT) / Po (3)
Then the eddy current loss is also expressed by Arrhenius expression. Fig. 8 shows the temperature dependence of both the eddy current loss and the electrical resistivity obtained experimentally. The activation energies of Pe and pare O.25eV and O.21eV, respectively. Therefore, the temperature dependence of the eddy current loss can be concluded to be caused by the change in the electrical resistivity with temperature. there is one domain wall in each grain within the average grain size of 4 to 12 tJ. m. The average grain sizes of the samples used in this work are 12 tJ. m. As each grain has one domain wall, its magnetization process can be discussed in terms of domain wall motion. Domain wall energy is proportional to the square root of anisotropy constant. As domain wall energy reaches a minimum at T min, then the wall thickness attains a maximum as well.The thicker the domain wall becomes, the smaller the rotational degree of total spins becomes in the volume swept by the wall. On such a condition, as the rotation of each spin becomes slower, Pr decreases. As a result, Pr can be expected to attain a minimum at Tmin.
m-4.

IV.CONCLUSION
1) In this study, a quantitative separation of each loss has been made possible not only at Tmin but at any temparature at which Kl of the analyzed samples are the same, that is, at which their domain sizes are the same.
2) Pe increases with increasing temperature. The temperature dependence of the eddy current can be concluded to be caused by the change in the electrical resistivity with temperature.
3) Pr attains minimum at T min as well as Ph. As domain wall energy reaches a minimum at T min, then the domain wall becomes thickest as well. The thicker the domain wall becomes, the smaller the rotational degree of total spins becomes in the volume swept by the wall. On such a condition, as the rotation of each spin becomes slower,Pr decreases. As a result, Pr can be expected to attain a minimum at Tmin.
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